Structural and functional consequences of amino acid substitutions in hemoglobin as manifested in natural and artificial mutants.
Compiled data for more than 440 natural human hemoglobin mutants with single amino acid substitutions indicate that molecular properties (oxygen binding, structural stability, ease of autooxidization, etc.) of more than half of them are altered in some way and that the mode of alteration is closely related to the region within the hemoglobin molecule in which the substitution takes place. The present study gives a quantitative basis for the correlations. By means of protein engineering, including site-directed mutagenesis, several artificial mutants of human hemoglobin were prepared and their oxygen binding properties were studied to investigate the functional consequences of the amino acid substitutions which have not yet been isolated in natural mutants. These artificial mutants gave straight-forward information regarding the major factors regulating the oxygen affinity of heme and the identification of a Bohr group in the alpha chain. On the other hand the mutants, which were designed to test some hypotheses for the molecular evolution in hemoglobin, did not necessarily give the results predicted from accumulated structure-function data obtained from the study of natural mutants and X-ray crystallographic analyses.